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Summary

Four routes were chosen to investigate the preparation of dinitrodicy-
anoethylene 1.

1. Oxidation of diamLnomaleonitrile 2.
2. Oxidation of dicyarnofuroxan 3.
3. Oxidation of the dioxime 4 of' dioxosucoinonitrile.
4. Dehydrodimerization of nitroacetonitrile 5.

NM NCCNH N >N NOH C

NCN2  >*2 W-, 1 2
NiZ'CNO NCYNH; 0 NCI4OH No~

2 22
12 14 5

DNMN DAMN DCF

Progress along the first and last of these four routes indicates that

the goal will soon be achieved.

1. Oxidation of OAMN, 2.

Commercially available diaminomaleonitrile when treated with

trifluoroperaoetic acid did not give an isolable product. When refluxed in 90

percent hydrogen peroxide in acetone solution for 2 hrs, oxamide was isolated

in 78 percent yield.

90% d 0
DAMN 2 NCOCONH2

2 reflux 78%

1I
Literature methods were followed to prepare the monoimine 6 and

the cyclic bisimine L.
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NCCN:-CHC H OCH 3- NC(

NCCNH2  (N -'H3

6 7

The imine 6 was unreactive toward neutral hydrogen peroxide (90

percent) in refluxing tetrahydrofuran. Both acidio hydrogen peroxide and

m-chloroprbeanzoic acid, MCPBA, consumed the imine 6 but analyses of the

complex mixtures were unrewarding. According to a general method for the

hydration of a nitrile, 5,6 alkaline hydrogen peroxide transformed the imine

6 into a known amide. 6

NCCN=CHC 6H OCH3-k6 (H2°2) it 6 4 /

6 a "2 NCOCN 2

Although prmaleic acid has been recommended for the oxidation of a

primuary amino group into a nitro group,7 it hydrolyzed, oxidized and

rearranged tVe imine 6 into 2-meothoxyphenyl formate without a trace of the

formation of a nitro compound.

HO 2CCH=C HICO H 1 C C H O HC__ - k-C3 C6H4CHO

Permaleic acid transformed DAMN, 2, into oyanoformamide and

2,5,6-tricyano-3-aminopyrazine.
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RC03H NCC)W2A I_ cN
CCON 2  NC-

ap 60-62CN
ref 8 dec 220-222C

ref 9

Selenous aoid in hot acetic acid smoothly oxidized the imine 6 into

3,4-dicyanoselenadiazole,8,10 2- (k-metho xyphenyl)-14,5-dioyanoiaidazole and

anlsaldehyde.

6- H2"0O3 ICC. N - . +CHOC 6H4 CHO
NCC=No0 NC C6H4OCH 3  .

8

Singlet oxygen, a chromium (IV) complex, eerie ammonium nitrate and

trifluoroperoxyacetic acid were each unreactive to the selenadiazole 8.

Peroxidation of the bisimine . gave considerably better results,

although a simple treatment with HCPBA gave an intractable mixture. Neutral

hydrogen peroxide in a mixture of methanol and acetonitrile gave oxamide in 40

percent yield whereas the cyclic peroxide 10)80 percent yield, dec

125-126°C, with only traces of oxamide, was produced by the same reaction in

acetonitrile (methanol not present). The peroxide 10 was also the maJor

produot, 74 percent yield, when the bisimine . was treated with hydrogen

peroxide In methanol which contained a tertiary amine or a trae of alkali.

pparmently an Intermediate hydroperoxide 2 m involved.
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)00UPOO A--CM

H
2 10

A slow spontaneous thermolysis of the peroxide 10 beome rapid on heating and

gave 2,4-pentanedione presuasbly with diiminosuocinontrile 11. Hydrogen

peroxide also reacted with the cyclic peroxide 10 to produce the diketone as

well as oxamide 12.

10 .(CH 3 CO)2CRt2  XC- (HNCO10 - , IwJ~2) tIc-&,ii -4 (1211c0) 2  -

11 12

Iodobenzene diacetate in benxene quantitatively dehydrogenated the

peroxide 10 into a new cyclic peroxide al. The latter also produced

2,-pentanedione on theruolysis (presumably undetected oyanogen was also

formed).

H 310 C6151(OCOCH3)2 ) NC-4~'~

Hydration of ocompound 11 during chromatography (silioa gel) gave the

diamide 14. A related reaction with methanol gave the adduot 3_.



H 0

> 2 NCOC:Z N

OCH.1
CH 3

3 1<_
H2 so4  HC-.-WnH-C

I knH3
OCK 3

15

MCPBA in acetone transformed the bisimine _ into a bisoxaziridine 16

in moderate yield.

0 N- CCH-

-N CCH 3

16

Peroxidation of the bisoxaziridine 16 is under investigation. An

oxidative fragmentation of intermediate 17 into DNMN, , is anticipated as

shown.

~ri~i r TL
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0-

NO"
O-N-CCH

3

NCC---.=0 " NCCNO2

NCC-N

0 +

, Molecular formulas for nww ompouds I. , jj, I, 15, and 16 have been

• eonfirmed by elemental analyses for C, H, N and sometimes 0; by mass

spectrometry (for a w and/or fragmen.t ions); and by nur and ir spectrosoopy.

An isolated oxidation product from opound 16 and MCPBA has not been fully

oharacterized. According to nur and ir analysis it contains no hydrogen.

2. Oxidation of DCF, 3 ,

DCF,11 , absorbed on an alumina column gave the diamide 18 almost

quantitatively on elution with methanol. Slightly lower yields were obtained

when was treated with oleum with or without hydrogen peroxide.18

NCC1% -- NOKOo
t __._.O
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Singlet oxygen in methanol gave a mixture after workup, of the diamide

18 and an unspecified methanol adduot 19.

102
-23 18 JOCH3OH

DCF and hydrazirne 185%) in dimethy! formamide gave a pyridazino-

furoxan 20.

2N'H2ODCF - N
DM,O0C
41h

M20

2067% 0
Mp 118- 119 C

An adduot 21 between DCF and hydroxylamine was obtained by treatment

with hydroxylamine hydrochloride in DWF. When warmed in a mixture of ethyl

acetate and hexane the adduat apparently lost a nitrogen and a hydrogen atom

to give a new compound 22.

CH 3CO2 C 2H5

H 2NOH*HCH and

FM?, O°C C 3N5 03  C6H6 C4112N403
4 h, HCI p 1 800C 22

p 143-1J4C -. H" dec 17"-178°C
78% 60%

THIS A
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The diamide 18 resisted reaction with both hydrazine and hydroxylamine

under similar circumstances.

Further characterization, inaluaing oxidation, of compounds 21 and 22

is underway.

DCF,3, has resisted attempts to open the furoxan ring by oxidation,

although conniderable progress has been realized in the peroxidation of

benzofuroxans into corresponding o-dinitrobenzenes in a project not supported

by ONR.

3. Oxidation of the Dioxime 4.

The dioxime 4 of dlioxosuccinonitrile was repared according to a

literature procedure. 12 When treated with iodobenzene diacetate

%recommended for dehydrogenation) 13 in benzene solution at room temperature

it was slowly converted into DCF. A similar reaction between the dioxime 4

and iodobenzene diacetate rapidly occurred e,en in a mixture of the solids to

give DCF. The formatiot. of DCF probably proceeded from the transient

dinitroso compound 23°

C6H5I(OCOCH 3)2
NCI:NOII NCCNO DCF

NCC=NOH C6 CCH5, 25 C

I4 I I I -ae I ilI '
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The dioxime 14, when heated with todobenzene diacetate in the presence

of 90 percent hydrogen peroxide in acetone, gave a solid product melting at

134-135°C. A high oxygen content was indicated by the empirical formula

CH20. The strueture of this compound 13 under investigation.

Halogenation of the dioxime 4 followed by oxidation and dehalogenation

was a conceivable sequence for the. proposed formation of

dicyanodinitroetnyieie, 1.

xj [o3
- X

4 C2

HX 22 2

2 2
* 24 - DCF

2%1

When the dioxime 4 was treated with a suspension of sodium bicarbonate

and N-bromaouccinimide in water, uniJ(entif'.ed vter soluble products were:

obtained. When the dioxime was treated with N-bromosuccinimide in carbon

tetrachloride solution at either -. or 25 C, DC was obtained.

Chlorination of the dioxi e 4 at -600 C also produced DCF,3.

4. De dredimerization of Nitroacetor'itriie -5.

A compound 26, C4 H2N0., (n ut identical with 2) was

tentat.ively given the structure of dieyanomethazoni acid 2Z.1 A

reassignment as the cyanomethyl ether 28 or nitrocyanocarbonyl is supported by

THIS PAC7, T - -.



elem~ental ~analy~sis, mas3s 5pectruAetry, atnd nmr and ir Speetro~cOPY, It WaS

.;btairjed on the treatm~ent of' j.-AoactonitiKile 2q with sivrnitrlte.t Th

fLntrmedlacy of ni-ra-t-tci~ su~smed.

kgN.3-

22

Nc..Ck ~ NN~t N Q NCfLCN

On l-4atirg izi wter cop-,unv 2C6 (p8K; wa tratnaf-c-med in~to compo-c-.-d

c H 0 0.2, previously U.aiderntifledI, Ahe asnigznment a3 the cyano-

Methyl. ether ofCcao6hy ~ yr~~t it- supportedl by elemen~tal.

analyn;eo, zas spectroetr'y, ax&id nrar an-d ir spto,)scopy.. A rationale for

tbese rea,-tion.3 is .4hown.

N(;C:;NbJH CK

902 ,6 11 2

-COOH
NCCNOC GIN~

_HCN,~ 2 I,

)CR, 4.
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A pyrLdinitn salt 2, of the 0-benzojloxime derivative of compound 27

was recently reported by Grur.dwinn, 16 His preparation of 27 from methazonlc

acid ,, shown in the scheme, has been vepeated since an authentic compound 27

ahould be ea ily dehydrogenated i nto nitronirosomaleonitrile 3_ (or the

isomeric fumaonitrile),

il so,O N ~HO3N • -iiC-CC.:LNfl
02NCH2CH1=NOH !'

2 H2  1 V
:a NO

H20 - H2O

HON NO. H

H-NOB 5 - .~ coC H COCI

66

*i 1, 2:i t

°----Z ~O ...-- - ON=C-C=NO -C?&

+CN C ...

.4.14

Methaznie acid has also been traisformed by thlonyl chlorOE ,.e

nitroaLcetonitrile 5.. of the latter by selenium

dioxde a ri by debrominatil.n of the 1brov uerivast.ive 3. are under

;.nvestigation. Known modal reactirons are also s)iowr, in 'r he scheme.

T ,V
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800L2. B 2  0AC(Br )CN
-LSo20- > 02NC"%2 2 2

Se() Cu

N4CCH 2 X32c Hi NCCC C retf 17

ICt.2 C2 5

4 u
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